In order to find new biorational pesticides, eight new 6-substituted ether derivatives of Celangulin-V were synthesized. The structures were confirmed by IR, 1 H NMR and 13 C NMR spectroscopic and HRMS analyses. The insecticidal activities of these compounds were tested against third-instar larvae of Mythimna separata. Four derivatives (b, c, f, g) showed higher insecticidal activities than Celangulin-V, with KD 50 values of 135.9, 101.33, 169.0 and 219.2 μg.g-1, respectively. However, two compounds (a, d) showed lower insecticidal activities and two (e, h) no activity. The results suggest that C-6 substitutions in these compounds are very important for their insecticidal activities. The insecticidal activities of the derivatives with two or three carbon substitutions at C-6 are higher than that of Celangulin-V showing that this compound has the potential to be a lead structure for semi-synthetic, green insecticides.
Plants have been a major source of chemical structure models for insecticides. Several important classes of synthetic insecticides have ancestors in nature. As a result of our program of screening of insecticidal-active constituents from plants of China, some sesquiterpene polyol esters with insecticidal activity were isolated [1] [2] [3] [4] . Celangulin-V, a β-dihydroagrofuran sesquiterpene polyol ester, from the root bark of Chinese bittersweet, Celastrus angulatus Max [5, 6] , showed prominent stomach toxic effects against Mythimna separata, acting on midgut tissue with a special toxic mechanism, which suggested the compound to be a new lead compound for insecticides [7] .
In the search for more potent compounds than Celangulin-V and to clarify the potential structural factors needed for the biological activity of this compound, eight new C-6 substituted Celangulin-V ether analogues were synthesized (Scheme 1) and tested against the third-instar larvae of M. separata. Some of these synthesized ether-derivatives showed the same stomach toxic effects against M. separata as Celangulin-V. This implied that they may act on the same target protein as Celangulin-V. The KD 50 value for Celangulin-V was 301.0 μg·g -1 , but those of its (Table 1) . Compounds b, c, f and g exhibited stronger activity than that of Celangulin-V. (KD 50 values 135.9, 101.3, 169.0 and 219.2 μg.g -1 , respectively). On the other hand, compounds a and d exhibited weaker activity, and compounds e and h showed no activity (Table 1 ). These data suggest that C-6 hydroxyl is not an obligatory functional group, but C-6 has a characteristic influence on the activity of the Celangulin-V analogues. Two to three carbon substitutions may make the analogues exhibit stronger activity, but too small or too large substitutions may result in weaker activity. 1β,2β-Diacetyloxy-8α,13-diisobutanoyloxy-9βbenzoyloxy-6α-propoxy-4α-hydroxy-β-dihydroagarofuran (c): NaH (24 mg, >0.3 mmol) was added to a solution of Celangulin-V (100 mg, 0.15 mmol)) in dry THF (10 mL) at room temperature and stirred for 10 min. CH 3 CH 2 CH 2 I (1 mL) was dropped into the mixture at room temperature. After 4 h the reaction mixture was poured into 40 mL saturated NH 4 Cl and extracted with EtOAc (30 mL×3). Then the EtOAc was washed with 5 mL saturated NaCl over anhydrous sodium sulfate and was separated by silica gel CC with a gradient of light petroleum (60-90°C) and EtOAc to yield compound c as a white powder. MP: 160-162°C (from acetone). IR: 1722 (ester), 3521 (OH) cm -1 . OPr(6-) 1 H NMR δ: 3.67, 3.37(2H,m,); 1.66 (2H, m) 0.96 (3H, m). 13 C NMR δ: 71.9, 22.9, 10.9; other data see Tables 1, 2  and 3 . ESI-HRMS: [M+Na] found 727.3300; calc. 727.3306.
1β,2β-Diacetyloxy-8α,13-diisobutanoyloxy-9βbenzoyloxy-6α-butoxy-4α-hydroxy-β-dihydroagarofuran (d): NaH (24 mg, >0.3 mmol) was added to a solution of Celangulin-V (100 mg, 0.15 mmol)) in dry THF(10 mL) at room temperature and stirred for 10 min. CH 3 CH 2 CH 2 CH 2 I (1mL) was dropped into the mixture at room temperature. After refluxing for 4 h the reaction mixture was poured into 40 mL saturated NH 4 Cl and extracted with EtOAc (0 mL×3). Then the EtOAc was washed with 5 mL saturated NaCl over anhydrous sodium sulfate and separated by silica gel CC with a gradient of light petroleum (60-90°C) and EtOAc as to yield compound d as a white powder. MP: 146-148°C (from acetone). IR: 1716 (ester), 3532 (OH) cm -1 . OBu(6-) 1 1β,2β-Diacetyloxy-8α,13-diisobutanoyloxy-9βbenzoyloxy-6α,12oxy-4α-hydroxy-β-dihydroagarofuran (h): This was prepared as above, but using CH 3 (CH 2 ) 10 CH 2 Br (1.5 mL) (1.5 mL) instead of (CH 3 ) 2 CHBr to yield compound h as a white powder. MP: 102-104°C (from acetone). IR: 1728 (ester), 3523 (OH) cm -1 . OCH 2 (CH 2 ) 10 CH 3 (6-) 1 Insecticidal activity: Leaf discs of known area were treated with known amounts of the test samples dissolved in acetone (acetone and celangulin V were used as controls). The 3 th instar larvae of Mythimna separata were fed with the discs for 12 h (repeated 3 times for each sample). After 24 h, the numbers of knocked down larvae (symptoms: the larvae were narcotized, the bodies were very soft and immobilized, and response disappeared completely) were recorded, and the toxicity was ascertained by estimating the median knock-down dose (KD 50 value) of the test sample [3] .
